Objective: Community based evidence on pregnancy outcomes in rural Africa is lacking yet it is needed to guide maternal and child health interventions. We estimated and compared adverse pregnancy outcomes and associated factors in rural south-western Uganda using two survey methods. Methods: Within a general population cohort, between 1996 and 2013, women aged 15-49 years were interviewed on their pregnancy outcome in the past 12 months (method 1). During 2012-13, women in the same cohort were interviewed on their lifetime experience of pregnancy outcomes (method 2). Adverse pregnancy outcome was defined as abortions or stillbirths. We used random effects logistic regression for method 1 and negative binomial regression with robust clustered standard errors for method 2 to explore factors associated with adverse outcome. Results: One third of women reported an adverse pregnancy outcome; 10.8 % (abortion = 8.4 %, stillbirth = 2.4 %) by method 1 and 8.5 % (abortion = 7.2 %, stillbirth = 1.3 %) by method 2. Abortion rates were similar (10.8 vs 10.5) per 1000 women and stillbirth rates differed (26.2 vs 13.8) per 1000 births by methods 1 and 2 respectively. Abortion risk increased with age of mother, non-attendance of antenatal care and proximity to the road. Lifetime stillbirth risk increased with age. Abortion and stillbirth risk reduced with increasing parity. Discussion: Both methods had a high level of agreement in estimating abortion rate but were markedly below national estimates. Stillbirth rate estimated by method 1 was double that estimated by method 2 but method 1 estimate was more consistent with the national estimates. Conclusion: Strategies to improve prospective community level data collection to reduce reporting biases are needed to guide maternal health interventions.
Background
Abortions and stillbirths are common adverse pregnancy outcomes that contribute substantially to poor maternal health. Globally, out of an estimated 210 million pregnancies, 75 million end in abortions or stillbirths [1] . In 2008, there were an estimated 43 million induced abortions worldwide and approximately half of these were unsafe because they were either carried out by a person lacking the necessary skills or in an environment that does not conform to minimal medical standards or both [2] . Almost all unsafe abortions occur in developing countries with restrictive abortion laws. For example, the unsafe abortion rate (per 1000 women aged 15-44 years) for developed countries was one compared to 16 for developing countries in 2008 [2, 3] . The East African region has the highest unsafe abortion rate (36 per 1000 women of child bearing age); the rate for Uganda is at estimated to be 54 per 1000 [3, 4] . Unsafe abortions account for up to 20 % of maternal deaths in East Africa in addition to other serious complications and disability in women [4, 5] .
Lawn et al. also reported a high correlation between stillbirths and maternal mortality; 28 countries reporting the highest stillbirth rate contributed the highest maternal mortality rate worldwide [6] . In 2009, of 2.6 million stillbirths reported globally, more than three quarters were reported from Africa and South East Asia [7] .
Despite wide recognition that abortions and stillbirths are common adverse pregnancy outcomes in developing countries, reliable data are scanty in many parts of rural Africa. In the context of legal restrictions against abortions in most parts of Africa, induced abortions are under-reported. Spontaneous abortions are also underreported because most mothers are not aware of their pregnancies in the first few weeks of gestation when spontaneous abortions are likely to occur. In most surveys no distinction is made between induced and spontaneous abortions because many women report induced abortions as spontaneous abortions [8, 9] . Most births and pregnancy losses occur outside the formal healthcare system thus making medical records unreliable for estimating pregnancy outcomes. Community based evidence on pregnancy outcome in rural Africa is therefore needed to guide interventions. The ideal approach to accurate documentation of early pregnancy losses at population level is to identify women before conception and follow them with frequent pregnancy testing until conception and then to a pregnancy outcome. Following a cohort of pregnant women from clinical recognition of pregnancy until a pregnancy outcome is another approach. These prospective approaches are costly and suffer loss to follow up [10] . Retrospective household surveys remain the most practical way to document pregnancy outcomes in low resource settings but are limited by under-reporting of outcomes. Limiting the recall period to a few years has been suggested as a way to minimise memory lapses, however, a study in Estonia showed no difference between reporting of lifetime abortion and recent abortions [11] . In contrast, analysis of data from world fertility surveys showed a higher percentage of abortions reported in surveys with recall periods less than 5 years [12] .
In this study we used two survey approaches (the annual and lifetime recall) comparatively in the same population in rural Uganda to estimate the population level burden of adverse pregnancy outcomes, and examine factors associated with adverse pregnancy outcomes to inform maternal and child health programmes in Uganda.
Methods

Study setting
Data for this analysis are from the General Population Cohort (GPC) in Uganda. The study site is located 120 km west of the capital city, Kampala, in a rural community where demographic surveillance and medical surveys have been conducted since 1989 as described in detail elsewhere [13] . The GPC is a community-based open cohort study with approximately 22,000 residents of 25 neighbouring villages. The cohort was initially established by the UK Medical Research Council in collaboration with the Uganda Virus Research Institute to study the population dynamics of HIV transmission in rural Uganda, and now provides a platform to investigate determinants of other diseases, and health related problems focusing on maternal and child health. Agriculture is the main economic activity with rain-fed, small-holder farms for growing mainly bananas, coffee, beans, groundnuts, vegetables and a few root crops such as cassava and potatoes mainly for subsistence. Levels of education are generally low with about one third of the population attaining secondary education. Five health facilities serve the population with basic medical care, three of which offer family planning, antenatal care and deliveries. One higher level centre within the study area and a hospital 20 km away from the study area offer emergency obstetric services.
Data collection
An annual household survey of GPC residents has been conducted since 1989, with all study village residents eligible for inclusion. Community sensitization activities precede each survey round, including local council briefings and village meetings. All households are visited by, in turn, the mapping, census and survey teams. All consenting adult residents are interviewed at home in the local language by trained survey staff and provide a blood sample for HIV testing. In selected medical surveys between 1996 and 2013, all women aged 15-49 years who had been pregnant in the last 12 months were asked specifically about the outcome of their pregnancy. In 2012-2013, additional data on life time experience of pregnancies (total number, and outcome) were collected to compare with the annual interviews (see questions in Additional file 1).
Pregnancy outcome definitions
The World Health Organization (WHO) has defined stillbirth as foetal death late in pregnancy deferring the gestational age (GA) when a miscarriage (abortion) becomes a stillbirth to country policy [14] . In Uganda the GA cut-off for abortion and stillbirth is 28 weeks. In this paper we therefore define Abortion as a foetal loss before 28 weeks of gestation and stillbirth as a baby born with no signs of life after 28 completed weeks of gestation. Abortion rate is the number of abortions per 1,000 women of childbearing age and Stillbirth rate is the number of stillbirths per 1000 births. In this paper no distinction is made between spontaneous and induced abortions because induced abortion is illegal in Uganda and is highly stigmatized in rural communities. Adverse pregnancy outcome is defined as a pregnancy that did not result in a livebirth (this included both abortions and stillbirths). Age Specific Fertility Rate (ASFR) is the number of births per 1000 women in a particular age group. It is normally calculated for 5-year age groups over the reproductive ages, which are taken as 15-49 years. We also used Total Fertility Rate (TFR) referring to the number of live births that a woman would have had if she were subject to the current ASFR throughout the reproductive ages (15-49 years).
Statistical analysis
Data were initially collected on paper and double entered in Microsoft Office Access, until 2009 when electronic data capture was introduced. The program contained logic programming skips and verifications that disallowed conflicting data. Stata 13 (Stata Corporation, College Station, USA) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA) were used for analysis. Baseline characteristics were tabulated by study round (roughly corresponding to calendar year). Analysis of pregnancy outcomes in the past 12 months (live birth, stillbirth, abortion) and rates were examined by study round. We explored factors associated with abortion and with stillbirth in all study rounds as separate outcomes, and estimated odds ratios (OR) and 95 % CI for the associations using random effects logistic regression to account for clustering within women who reported more than one pregnancy. Age was included in all models as an a priori confounder. For abortions, factors whose age-adjusted association was significant at p < 0.10 were included in a multivariable model, and retained if they remained associated at p < 0.10. Because the numbers of stillbirths were small, we did not attempt to build a full multivariable model for this outcome. We also analysed pregnancy outcomes based on lifetime experience of pregnancies; computed for those who reported at least one pregnancy, the number and proportion of pregnancies ending as livebirth, abortion and stillbirth and summarised the results by age, marital status, religion education occupation, residence, phone ownership and parity. The proportion of women in the reproductive age reporting live births, stillbirths and abortions was also determined. We examined risk factors for abortions and stillbirths, as separate outcomes; the number of these events was considered as count outcome. Negative binomial regression was used to examine the effect of various risk factors on the number of abortions and stillbirths because the data were over-dispersed (variance greater than the mean); robust clustered standard errors were used to account for correlation of repeated pregnancies among women. The logarithm of the total number of pregnancies for each woman was included in the model as an offset. As with the analysis of outcomes in each round, age was considered an a priori confounder and included in all models. Factors whose age-adjusted association with the outcome was significant at p < 0.10 were included in a multivariable model and retained if they remained associated at p < 0.10. Lastly, we compared the results of two survey approaches; annual surveys between 1996 and 2013, when women were interviewed on their pregnancy experience in the preceding 12 months, versus the single survey in 2012-2013 when women were interviewed on their complete obstetric histories. This was done to evaluate the methodological biases associated with each approach.
Ethics
The study was approved by Uganda Virus Research Institute Research and Ethics Committee and the Uganda National Council for Science and Technology. All participants were given detailed study information before a written informed consent was obtained from them.
Results
Results from annual surveys conducted between 1996 and 2013 Participant characteristics Table 1 shows participant characteristics and pregnancy outcomes for women interviewed in each annual survey during which questions were asked about pregnancy. Overall, median age was 28 years and slightly over half were married. Between 1996 and 2013, the proportion of women with completed primary education almost doubled (from 13.3 to 20.9 %), those with education beyond primary tripled (10.0 to 36.6 %), HIV prevalence increased from 7.5 to 11.4 %, and the proportion of women reporting a pregnancy in the previous 12 months reduced from 28.2 % to 20.5 %. Antenatal attendance data were available from 2006; the proportion of women attending antenatal clinics fluctuated between 82 and 87 %, with no clear trends over the period under study.
Pregnancy outcomes and trends
Overall, 1800 women aged 15-49 reported a total of 2558 pregnancy outcomes in the previous 12 months within the study period 1996-2013. Among these, 276 women had at least one adverse outcome, 21 women had two adverse pregnancy outcomes, and one woman had three adverse pregnancy outcomes. Of the pregnancy outcomes reported in each survey, 81-93 % were a livebirth, 1-5 % were stillbirth and 5-15.5 % were abortion, resulting in an overall proportion of adverse pregnancy outcomes of 10.8 % across all the surveys (abortion 8. f Number of births that each woman would have if she were subject to the current age-specific fertility rates (ASFR) throughout her reproductive years (15-49 years). ASFR calculated as [number of births]/[number of women] in each 5-year age band; total fertility rate estimated as ∑(ASFR in each 5-year age band) * 5 3 to 5 over the same period (Table 1 ). The overall abortion rate was 10.5 per 1000 women of reproductive age and stillbirth rate was 26.2/1000 births.
Results from the complete obstetric histories conducted in 2012-2013
During the survey round conducted in 2012-2013, a total of 2657 women aged 15-49 years were approached for interview, 332 had missing data on pregnancy, leaving 2325 with data on lifetime pregnancy,167 of whom had never been pregnant. Of those who reported a pregnancy (2158), 569 (26.4 %) reported at least one abortion and 120 (5.6 %) reported at least one stillbirth resulting in one third of women reporting an adverse outcome. In total 11,532 pregnancies were reported by the women over their lifetime with 11,477 outcomes; 10500 (91.5 %) as a livebirth, 830 (7.2 %) as abortion and 147 (1.3 %) as stillbirth. The overall proportion of lifetime adverse pregnancy outcomes was 8.5 %. The abortion rate was 10.5 per 1000 women of reproductive age and stillbirth rate was 13.8 per 1000 total births; the total fertility rate was 4.5.
Lifetime adverse pregnancy outcome distribution by background characteristics
There were wide variations in the pattern of distribution of lifetime abortions (range = 4.3-11.1 %) and stillbirths (range = 0.2-3.8 %) across the 25 villages in the study area (Fig. 1) . Whereas for abortions, villages in the upper quartile were along the main road to the regional town, those with stillbirths in the upper quartile are at the periphery of the study area bordering non-study villages.
The distribution of lifetime adverse pregnancy outcomes by other characteristics is shown in Table 2 . The proportion of lifetime abortions and stillbirths followed a U shaped distribution with age, highest in women under 20 years and those aged 45-49 years. The proportion of abortions increased with age at first pregnancy and the same pattern was observed for stillbirths.
Women who had attained education above secondary reported slightly more lifetime abortions compared to those who had attained less education but the reverse is true for stillbirths. Both abortion and stillbirth proportions reduced with increasing parity. As expected, nonattendance of antenatal care for a pregnancy in the past 12 months was associated with higher lifetime abortion frequency but this was not the case for stillbirths. There were small differences in lifetime adverse pregnancy outcomes by HIV status, marital status, tribe, and phone ownership.
Factors associated with lifetime pregnancy outcomes (Unadjusted and Adjusted analysis)
In the unadjusted analysis, lifetime abortion risk increased with higher education, non-attendance of antenatal clinic, proximity to the main road and was less among those with higher parity (Table 3) . In the final model the association with parity, village of residence and antenatal care remained significant and abortion risk increased with increasing age. There was some evidence suggesting that a higher level of education were associated with an increase in abortion risk, and not being married with less risk of abortion. Lifetime stillbirth risk increased with age and reduced with increasing parity in the adjusted analysis (Table 4) .
For the annual reporting of pregnancy outcomes, only older age, non-attendance of antenatal care and more recent year of survey were associated with abortions (Additional file 2). There was some evidence of lower odds of reporting stillbirths ten years before the latest survey (Additional file 3).
Discussion
One third of women aged 15-49 in rural south-western Uganda reported at least one adverse pregnancy outcome during their lifetime. One in ten of the pregnancies reported were lost as abortions or stillbirths. The overall abortion rate was 10.8 per 1000 women of reproductive age and stillbirth rate was 26.2 per 1000 births by annual survey method. The complete obstetric histories obtained in one interview yielded a similar abortion rate (10.5/1000) but only a half of stillbirth rate (13.8/ 1000) compared to the annual survey method.
A national survey of health facilities in Uganda recorded more than five-fold higher abortion rate (54/ 1000), with one fifth of pregnancies lost as abortions [5] . The health facility survey findings are in agreement with findings from a prospective cohort studies in rural Ethiopia and rural India that reported 25 % of pregnancies lost as abortions and also in agreement with global estimates [2, 15, 16] . It is therefore evident that abortions have been grossly under-reported in our study possibly because induced abortion is illegal, and highly stigmatised in Uganda as observed by Moore and colleagues [17] .
In contrast, our stillbirth rate derived from the annual survey is consistent with the national estimate (26.2 vs. 25.0 per 1000 births) but slightly higher than the stillbirth rate of 19 per 1000 births reported from a prospective community based study in rural Eastern Uganda [18] , and double that we found through life time survey approach.
We observed a negligible change in the trend of adverse pregnancy outcome from 1996 to 2013 which is in line with the relatively constant abortion rates reported in the African region [2] . In contrast to reports showing a decline in stillbirth rates by 14 % globally, and by 8 % in Africa between 1995 and 2009 [19] , our study showed an increase in stillbirth rate. This may be attributed to poor access to quality maternal health services in rural [5] . In low and middle-income countries, about one-third of stillbirths occur during labour as a result of prolonged labour or obstructed labour not attended to promptly [20] . Although we did not specifically quantify stillbirths at labour in our study it is possible that a number of the stillbirths reported could have occured during labour at home or due to delayed access to health facilities. Another possible reason for the apparent rise in stillbirth rate in the later years could be that women were more willing to report these events after building some trust with the study teams. When we explored factors associated with adverse pregnancy outcome, it was not surprising to find a positive correlation with lack of antenatal attendance since antenatal care offers timely screening of pregnancy risks to prevent complications. Other factors that we found to be associated with adverse pregnancy outcomes such as age of mother and parity are in agreement with findings Only those who reported pregnancy in the past 12 months were asked on atleast one episode of antenatal attendance and therefore 1614 had missing data on antenatal care. There was also missing data for age at first pregnancy for four women, missing data on tribe for 160 women, missing data on religion for 160 women, missing data on phone ownership for 11 women, missing data on HIV status for one woman. The number of pregnancies in these categories with missing data does not therefore add up to the total pregnancies (11, 477) elsewhere [21, 22] . There is evidence suggesting that at older maternal age, risk of other diseases is cumulative and genetic defects become more common leading to spontaneous abortions. The effect of village of residence may be related to importance of access to resources, ability to access abortion services and prevailing socioeconomic inequalities as observed earlier [23, 24] . Our study had some limitations. We could not distinguish between induced and spontaneous abortion as earlier reported by Rogo about surveys in Africa [25] . A number of mothers could have purposively concealed information on induced abortions as noted earlier by Barreto [26] . Besides the purposive concealment of abortions, both survey approaches are also subject to underreporting due to forgetting of pregnancy events. Castinello and colleagues also reported in world fertility surveys in developing countries that retrospective surveys estimate only about 50-80 % of actual pregnancy losses [12] . In comparing the two approaches, we found a higher proportion of adverse pregnancy outcome from annual surveys than in the snapshot survey of complete obstetric histories due to the differences in reporting stillbirths. There are two possible reasons; first, the shorter recall period in the annual surveys enabled mothers to remember more of their pregnancy experiences than in the lifetime experience. Secondly, a sampling probability bias in the annual survey method favours adverse pregnancy outcome reporting. As observed by Weinberg et al., mothers who had an adverse outcome in the previous 12 months were more likely to be sampled for the interviews than those who had a livebirth because of a shorter interval from occurrence of outcome to interview date [27] . Another possible source of bias is the misclassification of abortions and stillbirths due to uncertainty of gestation age by most mothers in rural communities. Additionally, stillbirths may not be easily distinguished from early neonatal deaths in a rural population where half of the mothers deliver at home.
However, the large sample size coupled with several rounds of survey has enabled us to assess a number of possible determinants and trends of adverse pregnancy outcomes. We also had the opportunity to compare different approaches in household surveys and the extent to which they estimate adverse pregnancy outcomes. There is a high level of agreement in the estimates of abortion rate and total fertility rate by the two methods. Our stillbirth rate estimates by the 12 month recall Attended antenatal care for a pregnancy in the past 12 months. Restricted to 537 women reporting a pregnancy in the past 12 months seems more plausible as it compares well with estimates by other methods in Uganda [5, 18] .
